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Abstract 
This paper presents the design and simulation of a SiO2 microbridge which measures the differential surface stress induced by the 
adsorption of molecules. Materials with smaller Young's modulus would be appropriate to measure the small variation of surface stress on 
the microbridge and therefore SiO2 is chosen as the material for microbridge. The SiO2 microbridge could be a potential application for 
the glucose detection if the enzyme glucose oxidase was immobilized on a top surface. The microbridge can be constructed on Silicon on 
insulator (SOI) substrate using the bulk micromachining technology. The surface stress causes displacement which is measured using the 
piezoresistors placed on top surface of the microbridge. The piezoresistors are arranged in a Wheatstone bridge configuration to measure 
the change resistance in terms of voltage. The two piezoresistors are placed at the edges where they experience the maximum stress. The 
obtained sensitivity, R/R of SiO2 microbridge is 6.15x10-4 which is four times higher than that of existing work [1]. The mechanical 
behavior of the SiO2 microbridge and the electrical response of the piezoresistors are analyzed using the Finite Element Method (FEM). 
The dimensions for the microbridge are optimized by considering both the sensitivity and nonlinearity with respect to the deflection. The 
placement location of the piezoresistors and the effect of geometrical parameters of the piezoresistors on the sensitivity SiO2 microbridge 
are studied. 
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and peer-review under responsibility of the organizing and review committee of IConDM 2013. 
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Nomenclature 
b  Width of the microbridge (m)   RA, RB Reaction forces at the support A and B 
E Yong’s modulus (Pa)    w Displacement in the microbridge (m) 
Ei Electric field (V/m)    wR Width of the piezoresistor (m) 
F Force (N) t        Thickness of the piezoresistor (m)                          
FEM Finite Element Method Greek symbols   
G Shear modulus (Pa)   Thermal conductivity (pW/μm k)  
h Thickness of the microbridge (m)  11, 12, 44 Piezoresistive coefficient’s (Pa-1) 
ii Current density (A/m2)    0 Stress free resistivity ( -cm) 
I Moment of inertia     Density (Kg/μm2) 
lR Length of the piezoresistor (m)   l Stress (l refer to longitudinal stresses) (Pa) 
L  Length of the microbridge (m)   S+, S- Surface stress (N/m)  
MA, MB   Bending moments at the support A and B  Differential surface stress (N/m) 
q Concentrated load (N/m)     Poison’s ratio 
R Fixed resistance of a piezoresistor        
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1. Introduction 
The diabetes mellitus is chronic disease characterized by the imbalance in blood glucose levels. The glucose levels are 
need to be monitored regularly to intake the insulin to avoid the further complications like neuropathy (nerve damage), 
nephropathy (kidney disease), heart disease and vision disorders (e.g. retinopathy, glaucoma, cataract and corneal disease). 
Hence, maintaining normal blood glucose levels is very important. Advances in the field of micro-machining technology 
lead to fabricate microstructures, such as bridges and microcantilevers. These micro/nano-electromechanical system 
(MEMS/NEMS) devices have been emerged as a standard platform for biomedical applications, including ultrasensitive 
mass measurements, biomolecular sensing, and detection of chemical analytes [2-5]. The unique characteristic of a 
microcantilever or a microbridge is that it bends when the molecular adsorption by confined to one side of the surface [1], 
[6-7]. The enzyme glucose oxidase (GOX) based micromachined silicon cantilever has been fabricated and demonstrated 
successfully for the glucose detection [8-10]. The microbridge could be the potential application for the continuous 
monitoring of glucose levels. Moreover it provides the selective detection of glucose if the GOX was immobilized on a top 
surface of the microbridge [8]. The adsorption induces a differential surface stress which causes bending in the microbridge. 
The use of microbridges in the development of miniaturized sensors offer advantages such as high sensitivity and the ability 
to work in air, liquid, harsh environments and even in a mobile working environment [1], [11]. The main challenge 
associated with the microcantilever is its stability in a mobile working environment and this issue can be resolved to a 
certain extend by the usage of microbridge because of its two ended support. All these advantages come at the expense 
lower sensitivity and the change of R/R is low for the microbridge compared to that of microcantilevers.  
 
Microbridges have been fabricated using silicon (Si), silicon carbide, silicon nitride, metals, metal composites and 
polymers [1]. The bending in the microbridge made up of Si is very small because the adsorption induced surface stress is 
very small (approximately 2 N/m) and Si material has a relatively large spring constant that resists the bending. The 
materials with smaller Young's modulus would be a more appropriate for developing chem/biosensors based on the 
displacement of microbridge sensors due to the adsorption induced surface stress changes. In this work SiO2 is chosen as the 
material for the microbridge. The Young's module of SiO2 is 76.5-97.2 GPa, which is much smaller than that of Si at 155.8 
GPa [12]. The SiO2 microbridge is also useful in the detection of hydrogen fluoride (HF) and nerve agents as suggested in 
the literature [1], [11], [13-14]. The bending in the microbridge can be measured with different methods such as optical, 
electrostatic, piezoelectric and piezoresistance [1], [9], [15]. In this work piezoresistive based microbridge is employed. 
Piezoresistance based microbridges are becoming increasing popular in recent years as they are convenient to calibrate, 
readily deployable into integrated electromechanical system and do not require external detection devices. The boron is 
diffused into the Si to make the piezoresistors on the top of the SiO2 microbridge as shown in Fig. 1. 
 
Yanqing Lu et.al. designed and fabricated the SiO2 based piezoresistive microbridge. A thin layer of P-type boron doped 
Si is used as the piezoresistive material to measure the bending of the SiO2 microbridge [1]. The microbridge employed in 
this work differs from the existing literature in the following ways. The two piezoresistors are placed at the edges of the 
microbridge instead of single piezoresistor along the microbridge [1]. The reason is that the maximum stress is at the edges 
compared to the middle. Moreover the top surface of the microbridge is used for the adsorption of molecules instead of 
bottom surface. The deposition of active layer on top surface is very easy compared bottom surface. Additionally two more 
piezoresistors are placed on the side walls of the microbridge where the stress is zero as shown in Fig. 1. This can be used as 
reference resistors. These four resistors are arranged in the Wheatstone bridge configuration. Compared to a single resistor 
scheme the output voltage of the Wheatstone bridge configuration becomes double if the resistance change are considered in 
any of the two resistors in opposite wings. MEMS devices are popularly analyzed using Finite Element Method (FEM) to 
solve partial differential equations. FEM is used to analyze the electrical and mechanical response of a piezoresistor based 
microbridge. 
 
This paper is further organized as follows. The design details of microbridge are explained in section 2. Simulation 
results of mechanical and electrical response of a piezoresistor based microbridge are given in section 3 and finally the 
paper is concluded in section 4. 
2. Design of SiO2-based piezoresistive microbridge 
A microbridge can be constructed from the SOI substrate by etching the bulk Si using the Deep Reactive Ion Etching 
(DRIE) technique as shown in Fig. 1. The Si under the SiO2 microbridge at the two ends is used as the anchor to provide the 
support. In general, biomedical sensors are based on measuring the mechanical deformation caused in a microbridge or 
membrane when it experiences the stress due adsorption induced differential surface stress. The fixed end beam is subjected 
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to a surface stresses s+ and s- on upper and lower surfaces, respectively as shown in Fig. 2(a). The surface stress effects are 
considered as uniformly distributed forces on the top surface of the microbridge and the units are N/m [16]. Fig. 2(b) shows 
the beam with uniformly distributed load along the x-direction. Euler-Bernoulli beam theory is used to describe the beam 
bending. The beam ends are fixed and a concentrated load at midpoint is considered to solve the beam deflection from the 
fourth-order differential equation of a simple beam theory as follows [17].   
 
q
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xwdIE 4
4 )(
                                                                                            
(1) 
             
Where E is the Young's modulus, I is the moment of inertia and q is the concentrated load. For the rectangular beam 
12/3hbI , b and h are the microbridge width and thickness, respectively. The load on this beam acts only in the 
vertical direction; hence there are no horizontal reaction forces at the supports. The reaction forces and bending moments at 
the support A and B are RA = RB and MA = MB, respectively because of symmetry of the beam. The reaction force 
2/LqRR BA  since the vertical reaction forces are equal. The successive integration of equation (1) gives the shear 
forces, bending moments, slope and deflections of the beam. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The SiO2 microbridge with P-type piezoresistors on top surface. 
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The boundary conditions for a fixed end beam are given as. 
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(6) 
Where L is the length of the microbridge. The five un-known constants c1, c2, c3, c4, and MA are obtained by substituting the 
boundary conditions into the above equations (2)-(5). If these five constants are substitute in the equation (5) will result in 
the deflection of the microbridge and it is given by the following equation (8). 
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Fig. 2. The cross sectional view of the microbridge a) A beam experience’s the surface stresses s+ and s- on upper and lower surfaces, respectively b) 
Fixed end beam with uniformly distribute load
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For the simplification q is replaced with differential surface stress  (  = s+ - s-) because it causes deflection in the 
microbridge. The maximum deflection in the microbridge is at x =L/2 and it is given in equation (9). 
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The deflection in microbridge is measured in terms of change in resistance of a piezoresistors fabricated on the top 
layer of Si as shown in Fig. 1. The piezoresistors are made up of P-type boron-doped Si because of the sensitivity is more 
compared to N-type Si. The advantage of using piezoresistors is that as sensing elements is linear variation in resistance for 
the stress being measured and simple fabrication procedure. The FEM analysis is performed to study the displacement, 
stress and the change in resistivity of a piezoresistive material by applying the external force on the top surface of the 
microbridge. CoventorWare software has different kinds of modules for different applications. The MemMech and 
MemPZR modules in CoventorWare are used to study the mechanical behavior of the microbridge and compute the change 
in resistivity of a piezoresistive material subject to mechanical deformations. Piezoresistivity in silicon arises from the 
deformation of energy bands as a result of stress. The resistivity of a material depends on the internal atom positions and 
their motions. Ohm's Law in the stress-free state represents this effect mathematically as follows [18].  
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Where Ei and ii are the electric field and current density, respectively, parallel to the xi crystallographic axis, and 0 is the 
stress free resistivity. The change in resistance for the applied stress is given by the following equation (10).  
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Where R is the fixed resistance, 0 is the stress free resistivity,  is the piezoresistive coefficient of silicon,  is the stress, lR 
is the length of the piezoresistor, wR and t is the piezoresistor width and thickness, respectively and the subscripts l refer to 
longitudinal stresses with respect to the resistor axis. The stress for a microbridge is given in equation (11). 
I
yM
l
                                                                                                                                                                   
(11) 
Where M is the bending moment and y is the distance from a natural axis of a microbridge. The relationship between the 
stress and the deformation of a microbridge is obtained by calculating the bending moment at different values along the x-
direction. The stress at x = 0 is given in equation (12) by substituting the equation (7) into the equation (11). 
3
2
hb
yL
l
                                                                                                                                                          
(12) 
3
2
hb
yL
R
R
l
                                                                                                                                                 
(13) 
The piezoresistive coefficients for the P-type Si and the material properties used in this work are listed in the table 1.  
Table 1. Material Properties 
Material properties     Material property of  a silicon with surface stress at [100] 
direction 
Young’s modulus (MPa)  1.30191×105 
Poisson’s ratio  0.278 
Shear modulus (MPa) 
Density (Kg/μm2) 
Thermal coefficient (pW/μm K) 
Resistivity ( cm) 
Material 
Young’s modulus (MPa) 
Poisson’s ratio 
Piezoresistive  coefficients (MPa-1)  
P- type Silicon       
 7.9624 × 104 
2.32899×10-15 
1.48×108 
7.8 
SiO2 
70×104 
0.17 
11= 6.6×10-5  ,  12 = -1.1×10-5, 44  =  138.1×10-5 
 
3. Simulation results 
The main objective of the simulations is to understand the mechanical and electrical behavior of the material under the 
influence of the external force. This leads to the optimization of parameters such that the design specifications are 
completely satisfied and the microbridge yields its best performance. Initially the process steps are defined to draw the 2D 
layout of a microbridge. The next step is the extraction of 3D model from 2D layout and assigning of the boundary 
conditions. Meshing for the microbridge has been achieved using Manhattan bricks (parabolic elements). Some parts like 
anchor of the microbridge structure, is not meshed closely so as to reduce the computational load. 
 
The geometrical parameters of the microbridge are optimized. The deflection in the microbridge is observed by applying 
forces on a top surface with the two ends are fixed as shown in Fig. 2(b). The length has great influence on the nonlinearity 
and sensitivity of the microbridge compared to the width. Fig. 3(a) shows the displacement in microbridge at different 
values of length at constant width when the force is varied from 0 to 2 μN. Fig. 3(b) shows that the nonlinearity in the 
microbridge at the different values of length. If the length is increased from 400 μm to 500 μm the sensitivity increases but 
the nonlinearity also increases. The nonlinearity will be very low at the smaller value of length but one need to compromise 
with sensitivity at such lengths. Fig. 4 suggests that the variation in the width of the microbridge have the lesser impact on 
nonlinearity as well as sensitivity. The dimensions of the microbridge are chosen as 400 μm x 50 μm x 1 μm by considering 
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both the nonlinearity and sensitivity aspects with respect to the deflection. Fig. 5(a) shows that the maximum displacement 
is at the center of a microbridge for a force of 2 μN. The displacement of the microbridge is increased from 0 to 0.787 μm, 
when the force is increased from 0 to 2 μN as shown in Fig. 5(b). Analytical and simulations results are closely matched 
when the force value is below 0.6 μN but as the force increases further error also increased to 20% as shown in Fig. 5(b). 
The stress profile suggests that the maximum stress is at the edges of the microbridge as shown Fig. 6(a). The maximum 
stress is at the edges and it is decreases along the x-direction towards the origin. Fig. 6(b) shows the stress profile along the 
x-direction. The maximum compressive stress is 6.00 MPa and it decreases towards the origin. 
 
The two piezoresistors are placed near the edges of the microbridge to measure the displacement as shown in Fig. 1. This 
will increase the sensitivity and moreover the top surface can be used as the active layer. The displacement and stress 
computed in the MemMech module are copied into the MemPZR to study the resistance variation in the piezoresistor. The 
boundary conditions are assigned such that the voltage across the piezoresistors is appropriate. The sensitivity can be 
expressed as the change in resistance of the piezoresistor ( R/R) with respect to the stress being measured. The change in 
resistance observed at different locations along the x-direction from 5 μm to 160 μm is shown in Fig. 7. 
 
The maximum value of R/R is 6.15x10-4 which is located at 154 μm away from the origin along the x-direction. The 
location of the two piezoresistors is fixed so that it will experience the maximum stress in the microbridge. This approach 
would result in an increased sensitivity which is 4 times higher than the existing work [1]. The geometrical parameters of 
the piezoresistors have the great influence on the sensitivity of the SiO2 microbridge. Fig. 8(a) shows that the displacement 
increases as the thickness decreases from 2 μm to 0.2 μm, when a 2 μN force is applied on the surface of the microbridge. If 
the piezoresistor thickness is very small the displacement is higher and the piezoresistor experience the larger value of 
stress. The simulation results in Fig. 8(a) show that displacement is increases from 0.429 μm to 0.78 μm and R/R increases 
from 0.000594 to 0.0055. A decrease in width from 4 μm to 2 μm increases both the displacement and the sensitivity. The 
displacement is increased from 0.429 μm to 0.453 μm and R/R increases from 0.000594 to 0.00108, when a 2 μN force is 
applied on the surface of the microbridge as shown in Fig. 8(b). The thickness of the piezoresistors has a more significant 
effect on the sensitivity of the microbridge compared to the width of the piezoresistor though both can affect the 
displacement as well as the R/R of microbridge as show in Fig. 9(a) & 9(b). The maximum change of R/R is 0.00568 for 
a width of 2.5 μm and a thickness of 0.25 μm piezoresistors. The placing of piezoresistors on the microbridge and the 
optimization of the geometrical parameters of the piezoresistors has been resulted in the improved performance. Finally, the 
change in resistance of the piezoresistors is converted to voltage by arranging the four resistors in the Wheatstone bridge 
configuration as shown in Fig. 10. The resistances of the two piezoresistors PZR1 and PZR3 vary according to the 
differential surface stress on the microbridge as shown in Fig.1. The PZR2 and PZR4 are used as reference resistors and 
their resistances will not change.   
 
         
(a)                                                                                                                 (b) 
Fig. 3. Displacement and nonlinearity in the microbridge (a) The displacement versus force for the different lengths (b) Nonlinearity profile with respect to 
the deflection when the force is varied from 0 to 2 μN 
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Fig. 4. The displacement versus force for the different widths of microbridge when the force is varied from 0 to 2 μN 
The small variation in the resistance of piezoresistors as the result the differential surface stress on the microbridge can 
be observed in terms of output voltage. For the different values of the input voltages the change in output voltage of the 
SiO2 microbridge is shown in Fig. 11(a). The change in output voltage of the SiO2 microbridge is from 0 to 1.472 mV, when 
a force value is varied from 0 to 2 μN. The relationship between the output voltages with respect to the force is linear as 
shown in Fig. 11(b). The output voltage obtained is twice since the change in resistance of two piezoresistors is considered 
instead of single piezoresistor.  
 
 
                  
(a)                                                                                                                        (b) 
Fig. 5. Displacement in the SiO2 microbridge (a) Maximum displacement is at center for an applied force of 2 μN (b) Displacement increases as the force 
increases from 0 to 2 μN. 
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(a)                                                                                                                     (b)                       
Fig. 6. (a) The maximum stress is at the edges of the SiO2 microbridge when a force of 2 μN is applied (b) The stress profile in the x-direction. 
 
Fig. 7. The R/R of SiO2 microbridge at different positions along the x-axis 
 
(a)                                                                                                                 (b) 
Fig. 8. (a) The displacement and R/R of the SiO2 microbridge versus the width of the Si piezoresistors (b) The displacement and R/R of the SiO2 
microbridge versus the thickness of the Si piezoresistors. 
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(a)                                                                                                                 (b) 
Fig. 9. (a) The displacement and (b) R/R of the microbridge versus the thickness of the Si piezoresistors, when the width is varied from 2 μm to 4 μm. 
  
 
 
 
 
 
 
 
Fig. 10. Wheatstone bridge configuration of 4 piezoresistors. 
 
 
(a)                                                                                       (b) 
Fig. 11. Displacement verses the output voltage of the SiO2 microbridge (a) Input voltage is varied from 1 V to 5 V (b) Input voltage is 5V and Gain is 100  
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4. Conclusion 
A SiO2 microbridge was designed and simulated to measure the small variation of surface stress on the microbridge. The 
mechanical behavior of the SiO2 microbridge was studied using the FEM and the dimensions for the microbridge was 
optimized. The stress profile and the displacement of microbridge were analyzed. The piezoresistors were placed at the 
edges of the microbridge to experience the maximum stress. The effect of geometrical parameters of piezoresistors on the 
sensitivity of the microbridge was studied. The changes in resistance of the piezoresistors were measured in terms of change 
in voltage by arranging the piezoresistors in Wheatstone bridge configuration.  
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